The purpose of the present study was to explore the possibility that reference blood lactate concentrations, determined during stepping exercise, could be used to derive an index of endurance fitness. The traditional measure of endurance fitness, maximal oxygen uptake (V02max) and the individual relationships between blood lactate concentration and submaximal V02 were determined during stepping for 10 These results show that a submaximal step test can be used to determine oxygen uptake and per centVO2 max at a reference blood lactate concentration. However, for this group of subjects, per centVO2 max at a blood lactate concentration of 4 mM showed only a modest correlation with endurance.
Introduction
Regular, frequent exercise is associated with a number of health benefits including a reduced risk of coronary heart disease1 and an increased likelihood of maintaining desirable body weight2. Consequently, exercise is now promoted by a number of agencies concerned with health. In this regard fitness testing is commonly employed because it has a role to play in stimulating and sustaining commitment to the habit of exercise.
The traditional approach to fitness testing has been in terms of absolute performance. That is, it has either involved measuring performance itself or the major determinant of endurance performance, i.e. maximal oxygen uptake (VO2 max). The importance of V02 max in dictating performance has been amply demonstrated by the good correlations between this parameter and, for example, two mile run time3 or 5 km run time4. Fitness Expired air samples were collected using standard Douglas bag techniques and subsequently analysed for oxygen and carbon dioxide concentration using a mass spectrometer (Centronic MGA 200). Volumes were determined using a dry gas meter (ParkinsonCowan) which had previously been calibrated against a Tissot spirometer. The electrocardiogram was recorded from three chest electrodes by a cardiac monitor (Rigel Ltd) and heart rate was sampled by a microcomputer (BBC Model B) at five second intervals. Blood samples were deproteinized immediately after collection and stored at -20°C before analysis for lactate concentration".
Values for predicted V02 max were also obtained from oxygen uptake and mean heart rate during the final minute of each submaximal work rate, using the Astrand nomogram'2. These values were then expressed relative to body weight. The mean of two or three values was recorded.
In addition to the laboratory tests subjects performed a two mile run on the university athletics track. Heart rates were recorded with a short range telemetry system (Polar Electro Sport Tester PE3000) and lap times and final time were recorded.
Non-parametric methods of statistical analysis were used as the assumptions of parametric methods could not be adhered to'3. The five per cent level of confidence was adopted.
Results
A linear relationship was demonstrated between oxygen uptake and stepping cadence during submaximal exercise (Figure 1 ). The significant correlation between endurance time and per centVO2 max (4 mM) indicates that those individuals who were able to attain a high relative exercise intensity before blood lactate concentration reached 4 mM tended to be those with the greatest endurance. This is consistent with the observation that training increases the relative exercise intensity at which reference blood lactate concentrations are attained15' 6.
Nevertheless, the observed correlation with per centVO2 max (4 mM) accounted for only about 56 per * cent of the variation in endurance, and further studies are clearly required before the determinants of endurance can be described more fully.
If a predicted V02 max value, rather than that deter--mined directly, could be employed to determine per centVO2 max (4 mM does not relate to performance in a running task. n uptake at a blood lactate concentration of Alternatively, for this group of subjects, the state of is correlated significantly with two-mile run training may have been a more important determinant Pure 2) (rho = -0.82, P < 0.01), but neither of running performance than VO2 max per se. This nor predicted V02 max was correlated sigsuggestion is supported by the significant correlation with two-mile run time (rho = -0.49, between the oxygen uptake at a blood lactate concent-0.44 respectively). Work rate and work rate ration of 4 mM and two-mile run time (rho = -0.82). dy weight at a blood lactate concentration of Other workers have found oxygen uptake at a referre both correlated significantly with two-mile ence blood lactate concentration to be a better deter-(rho = -0.82, P < 0.01). minant of running performance than VO2 max in some subject groupsl9. Strong correlations have also lion been reported between two-mile run time and the oxygen uptake at the onset of plasma lactate accumula-)ose of the present study was to explore the tion3. These two studies measured blood lactate y of using reference blood lactate concentraconcentration during submaximal treadmill running. given relative exercise intensity2o. This means that one has to exercise at rather a high proportion of Vo2 max before attaining a reference blood lactate concentration of 4 mM, provoking fears about subject safety in high risk populations. Future studies might therefore examine the usefulness of an alternative, non-intimidating form of everyday exercise such as walking in this approach to fitness testing.
Some running studies have found better correlations between speed at reference blood lactate concentrations and performance than between corresponding oxygen uptake values and performance3. For stepping exercise a parallel aproach would be to consider work rate or work rate per kg body weight at a blood lactate concentration of 4 mM. Work rate is easily controlled and measured in stepping. Despite the fact that stepping and running utilize difference muscle groups, both measures were well related to two-mile run time. Therefore either work rate or work rate per kg body weight at a reference blood lactate concentration could provide a description of functional capacity, the ability to perform work in absolute terms, which can be obtained without recourse to expired air analysis.
These results indicate that a submaximal step test can be employed to determine reference blood lactate concentrations. Furthermore, relative exercise intensity at a reference blood lactate concentration of 4 mM was significantly related to submaximal endurance. For this group of subjects, oxygen uptake at a reference blood lactate concentration was a more important determinant of running performance over two miles than V02 max.
